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GLJLWDOHOHYDWLRQPRGHO'(0GLJLWDOVXUIDFHPRGHO'60ODQGVFDSHVLPXODWLRQVWUXFWXUHIURPPRWLRQ6I0WRPEV
RIWKH)LQDO.RIXQSHULRGXQPDQQHGDHULDOYHKLFOH8$9
$EVWUDFW:HYLVXDOL]HGODQGVFDSHVIURPWKUHHWRPEVRI-DSDQ¶V)LQDO.RIXQSHULRGWKHODWWHUSDUWRIWKHWKFHQWXU\WKURXJKWKHHQG
RIWKHWKFHQWXU\LQWKH.DZDFKLDUHD.DQQRQ]XND+DFKLEXVH\PDQLVKLPLQHDQG2NDPHLVKL7RPEVZLWKDKLJKGHILQLWLRQWKUHH
GLPHQVLRQDOPRGHOE\VWUXFWXUH IURPPRWLRQ 6I0PXOWLYLHZVWHUHRSKRWRJUDPPHWU\DQG WKUHHGLPHQVLRQDO*,6 WRDQDO\]H WKH
UHODWLRQVKLSRIWKHD[LDOGLUHFWLRQVRIWKHWRPEVDQGWKHLUYLHZV:HFODULILHGWKHIROORZLQJSRLQWV%\6I0ZLWKSKRWRJUDSKVIURP
DQXQPDQQHG DHULDO YHKLFOH 8$9ZHJHQHUDWHGJHRUHIHUHQFHGGLJLWDO VXUIDFHPRGHOV '60VZLWK DERXW FP UHVROXWLRQ DQG
RUWKRSKRWRVZLWKDERXWFPUHVROXWLRQWRH[SUHVVWKHPLFURWRSRJUDSK\RIWKHWKUHHWRPEV:HRYHUODLG'60VDQGRUWKRSKRWRV
E\6I0RQDPGLJLWDOHOHYDWLRQPRGHO'(0DQGRUWKRSKRWRVE\*6,XVLQJWKUHHGLPHQVLRQDO*,6DQGYLVXDOL]HGODQGVFDSHVIURP
WKHWKUHHWRPEVDWWKDWWLPHDOWKRXJKWKHLUYLHZVDUHQRZREVWUXFWHGE\WUHHV&RQVLGHULQJWKHVXUURXQGLQJREVWDFOHVVKRRWLQJ
SKRWRVZLWKDPDQXDOSLORWLVPRUHVXLWDEOHWKDQZLWKDQDXWRSLORWIRUUHSURGXFLQJWKHVKDSHVRIWKHVWRQHVDQGWKHWRPEPRXQGV
,QWURGXFWLRQ
%$&.*5281'$1'2%-(&7,9(
7KLVSDSHUSURSRVHVDPHWKRGWKDWYLVXDOL]HVODQGVFDSHVIURPWKH
WRPEV RI -DSDQ¶V )LQDO .RIXQ SHULRG WKH ODWWHU SDUW RI WKH WK
FHQWXU\ WKURXJK WKH ODWWHU SDUW RI WKH WK FHQWXU\ XVLQJ D KLJK
GHILQLWLRQ WKUHHGLPHQVLRQDO PRGHO EDVHG RQ VWUXFWXUH IURP
PRWLRQ 6I0 PXOWLYLHZ VWHUHR SKRWRJUDPPHWU\ DQG WKUHH
GLPHQVLRQDO*,6WRDQDO\]HWKHUHODWLRQVKLSRIWKHD[LDOGLUHFWLRQV
RIWKHWRPEVDQGWKHLUYLHZV,QWKHIXWXUHZHSODQWRFODULI\WKH
FKDUDFWHULVWLFVRI ODQGVFDSHVIURPWKHWRPEVRI WKH)LQDO.RIXQ
SHULRGE\WKHPHWKRGSURSRVHGLQWKLVSDSHUDQGFODVVLI\WKHPWR
LGHQWLI\WKHSULQFLSOHVIRUORFDWLQJWKHWRPEVLQUHODWLRQWRDQFLHQW
WKLQNLQJRQOLIHDQGGHDWKDQGQDWXUDOODQGVFDSHV 
$IWHUWKHWUHQGRINH\KROHVKDSHGWRPEVIDGHGDQGDQDWLRQDO
JRYHUQDQFH V\VWHPEDVHGRQ ULWVXU\ǀFRGHVEHJDQPDQ\RI WKH
WRPEV FRQVWUXFWHG LQ WKH )LQDO.RIXQ SHULRG VHHP VPDOOHU DQG
PRUH LQWHJUDWHG ZLWK WKH QDWXUDO ODQGVFDSHV WKDQ WRPEV
FRQVWUXFWHGLQWKHHDUO\DQGODWHU.RIXQSHULRGVZKHQODUJHVFDOH
WRPEV ZHUH SUHGRPLQDQW $OWKRXJK WKHVH WRPEV DUH SUHFLRXV
FXOWXUDO DVVHWV WKDW FRQYH\ DQFLHQW WKRXJKWV DQG FXOWXUH DQG
HPSKDVL]HKDUPRQ\EHWZHHQDUWLILFLDOREMHFWVDQGQDWXUHH[FHSW
IRUDIHZZHOOSUHVHUYHGH[DPSOHVPRVWDUHQRZLQUXLQVDQGWKHLU
SUHVHUYDWLRQ FRQGLWLRQV DQG VXUURXQGLQJ QDWXUDO ODQGVFDSHV
UHPDLQ XQVDWLVIDFWRU\ :H PXVW SUHVHUYH QRW RQO\ WKH WRPE
PRXQGVWKHPVHOYHVEXWDOVRWKHLUVXUURXQGLQJQDWXUDOODQGVFDSHV
.DZDFKL SUHVHQW .DVKLKDUD +DELNLQR DQG 7RQGDED\DVKL
FLWLHV DQG 7DLVKL WRZQ ORFDWHG LQ WKH VRXWKHDVW RI 2VDND
3UHIHFWXUHZDVWKHRQHRIWKHFHQWHUVRISROLWLFVLQWKH)LQDO.RIXQ
SHULRG 7KHUHIRUH ZH DVVXPH WKDW LGHQWLI\LQJ RI WKH ORFDWLQJ
SULQFLSOHVRIWKHWRPEVRIWKH)LQDO.RIXQSHULRGZLOOVKHGOLJKW
RQ WKH UHODWLRQVKLSV EHWZHHQ ORFDWLRQV RI WRPEV DQG WKHLU
XQGHUO\LQJWKRXJKWRQWKHKDUPRQ\EHWZHHQQDWXUHDQGDUWLILFLDO
REMHFWVSRVVHVVHGE\WKHLPSHULDOIDPLO\DQGWKHRWKHUSRZHUIXO
IDPLOLHVRIWKHSHULRG
5(/(9$&(723$67/,7(5$785(
0RVW SUHYLRXV VWXGLHV RQ WKH ORFDWLRQV RI WRPEV IRFXV RQ WZR
GLPHQVLRQDOPDSV LQVWHDG RI WKUHHGLPHQVLRQDO DQDO\VHV 0RUL
  DQG +RVRNDZD DQG ,PDR  ,PDR 
.DZDNDPL.LWDPXUDDQG6KLPRPXUD
2QWKHRWKHUKDQGWKHHYHQWKUHHGLPHQVLRQDOWHUUDLQPRGHOVLQD
IHZSDVWVWXGLHVXVLQJWKUHHGLPHQVLRQDO*,6DUHOLPLWHGWRDYHU\
VPDOODUHDVXUURXQGLQJDWRPEDQGRWKHUUHVHDUFKZKLFKIRFXVHG
RQDZLGHUDUHDDURXQGD WRPERQO\DQDO\]HGVORSHDQJOHVDQG
DOWLWXGHRQWZRGLPHQVLRQDOPDSV.DQHGD6KLUDLVKLHWDO
7HUDPXUD  DQG  -XGJPHQWV RI WRPE ORFDWLRQV
ZHUHEDVHGRQODQGVFDSHVUDWKHUWKDQRQPDSV$OWKRXJKSUHYLRXV
VWXGLHVZHUHSULPDULO\PDSEDVHGDQDO\VLVRXUVWXG\SUHVHQWVD
PHWKRGIRUVWXG\LQJWRPEORFDWLRQVIURPDODQGVFDSHYLHZSRLQW
$ SUHYLRXV VWXG\ E\ WKH DXWKRU 7HPEDWD  DQDO\]HG
ODQGVFDSH YLHZV IURP  WRPEV RI WKH )LQDO .RIXQ SHULRG LQ
-DSDQ¶V.DZDFKLDUHDXVLQJWKUHHGLPHQVLRQDO*,6WRGHWHUPLQH
WKHLU FKDUDFWHULVWLFV DQG WKH UHODWLRQVKLS EHWZHHQ WKH ODQGVFDSH
DQGHDFKD[LDOGLUHFWLRQ8QIRUWXQDWHO\WKDWZRUNHQFRXQWHUHGWKH
IROORZLQJWZRSUREOHPVDWKUHHGLPHQVLRQDOPRGHOEDVHGRQD
P '(0 RI )XQGDPHQWDO *HRVSDWLDO 'DWD E\ *HRVSDWLDO
,QIRUPDWLRQ$XWKRULW\RI-DSDQ*6,FDQ¶WUHSUHVHQWVPDOOVFDOH
WRPEPRXQGV7KHSRVLWLRQFRRUGLQDWHVRIVLQJOHSRVLWLRQLQJE\
*36 KDYH DQ HUURU UDWH RI DERXW  P 7KLV SDSHU H[WHQGV LWV
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PHWKRGRORJ\DQGGHYHORSVPRUHSUHFLVHWHUUDLQPRGHOVRIVPDOO
VFDOHWRPEVE\6I0ZLWKSKRWRJUDSKVWDNHQIURPDVPDOO8$9
DQGD*OREDO1DYLJDWLRQ6DWHOOLWH6\VWHP*166VXUYH\ZLWK
FPDFFXUDF\7KLVPHWKRGFDQEHDSSOLHGWRVWXGLHVRQORFDWLRQV
RIWRPEVWKURXJKRXW-DSDQIURPDODQGVFDSHYLHZSRLQWDQGZLOO
DOVRSURYLGHIXQGDPHQWDONQRZOHGJHIRUFLW\SODQQLQJUHJXODWLRQV
ODQGXVDJHUHJXODWLRQVDQGYLHZSUHVHUYDWLRQUHJXODWLRQVIRUWKH
SUHVHUYDWLRQ RI QDWXUDO ODQGVFDSHV DURXQG WRPEV WR HQKDQFH
UHJLRQDOFKDUDFWHULVWLFV
0HWKRGV
5(6($5&+2%-(&7
2XUWDUJHWDQFLHQWWRPEVDUHWKUHHWRPEVLQWKH)LQDO.RIXQSHULRG
ORFDWHG LQ WKH .DZDFKL DUHD .DQQRQ]XND +DFKLEXVH\DPD
QLVKLPLQH,DQG2NDPHLVKL 7RPEV)LJDIWHUREWDLQLQJIOLJKW
SHUPLVVLRQIRUD8$9$OO WKUHH WRPEVKDYHD<RNRJXFKLVKLNL
6HNNDNX D VWRQH VDUFRSKDJXV ZLWK D VLGH HQWUDQFH D VWRQH
VDUFRSKDJXVWKDWRSHQVLQWKHD[LDOGLUHFWLRQDQGJRRGYLHZLQJ
SODFHVEXWWKHVHYLHZVDUHSDUWLDOO\EORFNHGE\WKHLUVXUURXQGLQJ
WUHHV

)LJ/RFDWLRQPDSRIWDUJHWDQFLHQWWRPEV 
0(7+2'6
:HFRQGXFWHGWKHIROORZLQJILHOGVXUYH\VWKH.DQQRQ]XND7RPE
RQ )HEUXDU\  DQG   WKH +DFKLEXVH\DPDQLVKLPLQH
7RPERQ)HEUXDU\DQGDQGWKH2NDPHLVKL7RPERQ
)HEUXDU\DQG0DUFK
$HULDOSKRWRJUDSKVZHUHWDNHQE\DVPDOO8$9'-,3KDQWRP
3URFDPHUD

&026HIIHFWLYHQXPEHURISL[HOVPLOOLRQ
SL[HOVZLWKERWKDXWRSLORWDQGPDQXDOSLORWIURPYDULRXVKHLJKWV
DQGGLVWDQFHVFPVTXDUHDLUSKRWRVLJQDOVZHUHXVHGDVJURXQG
FRQWURO SRLQWV *&3V DQG FKHFNSRLQWV  6XFK ORFDO IHDWXUHV DV
ZKLWH OLQHV RQ URDG ZHUH XVHG DV FKHFNSRLQWV *HRJUDSKLFDO
FRRUGLQDWHV RI *&3V DQG FKHFNSRLQWV ZHUH REWDLQHG E\ SRVW
SURFHVVLQJWKHREVHUYHGUDZGDWDE\WZR*166UHFHLYHUV(POLG
5HDFK 56 RQH XVHG DV D EDVH DQG WKH RWKHU DV D URYHU ZLWK
57./,%7KHFRRUGLQDWHVKDYHHUURUVRIFPDFFXUDF\
+LJKGHILQLWLRQ WKUHHGLPHQVLRQDO PRGHOV RI WKH WRPEV
LQFOXGLQJWKHVXUURXQGLQJWRSRJUDSK\ZHUHUHFRQVWUXFWHGEDVHG
RQ DHULDO SKRWRJUDSKV ZLWK 6I0 VRIWZDUH $JLVRIW 3KRWR6FDQ
3URIHVVLRQDO YHUVLRQ  DQG JHRUHIHUHQFHG '60V DQG
RUWKRSKRWRVZHUHJHQHUDWHG
:HRYHUODLGWKHKLJKGHILQLWLRQ'60VDQGWKHRUWKRSKRWRVRI
WKHWRPEVRQDRUP'(0RI)XQGDPHQWDO*HRVSDWLDO'DWD
DQG RUWKRSKRWRV E\*6,ZLWK*,6 VRIWZDUH (65,$UF*,6 3UR
YHUVLRQDQGJHQHUDWHG ODQGVFDSHVLPXODWLRQ LPDJHVYLHZHG
IURPWKHWRPEV:HH[DPLQHGWKHUHVROXWLRQVRIWKH'60VDQG
WKHRUWKRSKRWRVIRUYLVXDOL]LQJODQGVFDSHVIURPWRPEVWKURXJKD
FRPSDULVRQZLWKODQGVFDSHVLPXODWLRQLPDJHVJHQHUDWHGE\HDFK
VKRRWLQJPHWKRGZLWKDVPDOO8$9
5HVXOWV
.$1121=8.$720%
3.1.1. Present State of Kannonzuka Tomb
.DQQRQ]XND 7RPE LV D P KLJK URXQG PRXQG ZLWK P
GLDPHWHUDQGKDVD<RNRJXFKLVKLNL6HNNDNXPDGHRIDQGHVLWHRQ
WKH KLOOVLGH RI WKH VRXWKHUQ VORSH RI 0W +DFKLEXVH ,W ZDV
SUREDEO\EXLOWDURXQGWKHWKFHQWXU\<DPDPRWR)LJV
DQG VKRZRUGHJUHHSKRWRVRI LW7KHD[LDOGLUHFWLRQ
RSHQLQJ GLUHFWLRQ RI WKH <RNRJXFKLVKLNL 6HNNDNX IDFHV WKH
PRXQWDLQEXWWKHYLHZWRWKHVRXWKZHVWGLUHFWLRQLVREVWUXFWHGE\
WKHVXUURXQGLQJWUHHV
)LJGHJUHHSKRWRRI.DQQRQ]XND7RPELQIURQWRI<RNRJXFKL
VKLNL6HNNDNXWDNHQRQ)HEUXDU\
)LJGHJUHHSKRWRRI.DQQRQ]XND7RPERQWKHWRSRIWKHWRPE
PRXQGWDNHQRQ)HEUXDU\
3.1.2. GNSS Survey and Photo Shooting with Small UAV 
$*166VXUYH\RIWKHJURXQGFRQWURO
SRLQWV *&3V DQG FKHFNSRLQWV ZDV
FRQGXFWHG IURP  WR  RQ
)HEUXDU\DQGIURP WR
  RQ )HEUXDU\   )LJ 
VKRZVD*166VXUYH\RI*&3VZLWKD
5HDFK567KH&RRUGLQDWHV;<=
RIWKH*&3VDQGWKHFKHFNSRLQWVZHUH
FDOFXODWHG E\ 57./,% XVLQJ 5$:
GDWD DFTXLUHG ZLWK WKH *166
UHFHLYHUV$OWLWXGHGDWDZHUHREWDLQHG
E\ VXEWUDFWLQJ WKH JHRLG KHLJKW IURP
WKH=YDOXH
)LJ   *166 VXUYH\ RI
*&3VZLWK5HDFK56WDNHQ
RQ)HEUXDU\
r
90HWKRGRIYLVXDOL]LQJODQGVFDSHVIURPWRPEVRIWKH)LQDO.RIXQSHULRGZLWKDKLJKGHILQLWLRQWKUHHGLPHQVLRQDOPRGHOE\6I0DQG
WKUHHGLPHQVLRQDO*,6



)LJ3RVLWLRQVRI*&3VDQGFKHFNSRLQWV

)LJXUHVKRZVWKHSRVLWLRQVRIWKH*&3VDQGWKHFKHFNSRLQWV
3KRWRVZLWKDVPDOO8$9E\ERWKYHUWLFDOVKRRWLQJVE\DXWRSLORW
DVZHOO DV YHUWLFDO DQG REOLTXH VKRRWLQJV E\PDQXDO SLORWZHUH
WDNHQIURPWRRQWKHVHFRQGGD\7KHGHWDLOVRIHDFK
VKRRWLQJPHWKRGDUHVKRZQ LQ7DEOH7RUHSURGXFH WKH WKUHH
GLPHQVLRQDOVKDSHRIWKH<RNRJXFKLVKLNL6HNNDNXDQGWKHWRPE
PRXQGV SKRWRV PXVW EH WDNHQ ZLWK PXOWLDQJOHV IURP D VKRUW
GLVWDQFH'XHWRVXFKQXPHURXVREVWDFOHVDVWKHVXUURXQGLQJWUHHV
WKHSKRWRJUDSKVZHUHWDNHQE\YHUWLFDOVKRRWLQJZLWKDQDXWRSLORW
DQGYHUWLFDODQGREOLTXHVKRRWLQJZLWKDPDQXDOSLORW
3.1.3. Reconstruction of Three-dimensional Model by SfM
:HUHFRQVWUXFWHGRIDWKUHHGLPHQVLRQDOPRGHOE\WKHIROORZLQJ
SURFHGXUHV
(VWLPDWLRQRIFDPHUDORFDWLRQDQGGLUHFWLRQ:HHVWLPDWHGWKH
VKRRWLQJSRVLWLRQ DQG WKHGLUHFWLRQRI WKHSKRWRV IURPPXOWLSOH
SKRWRV ZLWK 6I0 VRIWZDUH )LJ  VKRZV WKH VFUHHQ DIWHU
FDOFXODWLQJ WKH HVWLPDWHG VKRRWLQJ SRVLWLRQ DQG WKH GLUHFWLRQ RI
HDFKSKRWRJUDSKIRUDXWRSLORW)LJVKRZVWKHPIRUPDQXDOSLORW
(DFKEOXHVTXDUHUHSUHVHQWVWKHSRVLWLRQDQGWKHGLUHFWLRQRIHDFK
SKRWR7KHFDPHUDORFDWLRQVDUHFDOFXODWHGEDVHGRQWKHH[WUDFWHG
IHDWXUHSRLQWVSRLQWFORXG


)LJ(VWLPDWHGFDPHUDORFDWLRQDQGGLUHFWLRQIRUDXWRSLORW
VKRRWLQJPHWKRGD


)LJ(VWLPDWHGFDPHUDORFDWLRQDQGGLUHFWLRQIRUPDQXDOSLORW
VKRRWLQJPHWKRGP
%XLOGGHQVHFORXG)LJVKRZVWKHVFUHHQDIWHUFDOFXODWLQJ
WKH GHQVH SRLQW FORXGZKLFK LV JHQHUDWHG IURP WKH SRLQW FORXG
JHQHUDWHGLQWKHDERYHSURFHGXUH


)LJ'HQVHSRLQWFORXGVKRRWLQJPHWKRGD

,PSRUWFRRUGLQDWHGDWDRI*&3VDQGFKHFNSRLQWV)LJVKRZV
WKHVFUHHQDIWHU*&3VDQGFKHFNSRLQWVKDYHEHHQSODFHGRQWKH
GHQVH SRLQW FORXG %\ LPSRUWLQJ WKH JHRJUDSKLF FRRUGLQDWHV
REWDLQHGE\D*166VXUYH\ DJHRUHIHUHQFHG WKUHHGLPHQVLRQDO
PRGHOFDQEHFUHDWHG
 

)LJ*&3VDQGFKHFNSRLQWVVHWWLQJLQGHQVHSRLQWFORXG
VKRRWLQJPHWKRGD

 %XLOG PHVK DQG WH[WXUH )LJ  VKRZV D WH[WXUHG WKUHH
GLPHQVLRQDO PRGHO 7KLV VWHS FRPSOHWHV D WKUHHGLPHQVLRQDO
PRGHO %\ GLVSOD\LQJ WKH WH[WXUH LW EHFRPHV D UHDO WKUHH
GLPHQVLRQDOPRGHO7KLVSURFHGXUHFDQEHRPLWWHG IRUEXLOGLQJ
GLJLWDOVXUIDFHPRGHOV'60VDQGRUWKRSKRWRV

 
)LJ7H[WXUHGWKUHHGLPHQVLRQDOPHVKPRGHO
VKRRWLQJPHWKRGD 
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%XLOG'60DQGRUWKRSKRWR)LJVKRZVD'60LPDJH)LJ
VKRZVDQRUWKRSKRWRLPDJH


)LJ'60VKRRWLQJPHWKRGD


)LJ2UWKRSKRWRVKRRWLQJPHWKRGD

([SRUWRIHDFKGDWD3RLQWFORXGVWH[WXUHGWKUHHGLPHQVLRQDO
PRGHOVJHRUHIHUHQFHG'60VDQGRUWKRSKRWRVFDQEHH[SRUWHG
,Q WKLV SDSHU WKH DXWKRU PDLQO\ XVHG '60V DQG RUWKRSKRWRV
ZKLFKDUHHDV\WRXVHLQWKUHHGLPHQVLRQDO*,67DEOHOLVWVWKH
UHVROXWLRQ RI WKH '60V DQG WKH RUWKRSKRWRV E\ HDFK VKRRWLQJ
PHWKRG

7DEOH/LVWRIVKRRWLQJPHWKRGVDQGUHVROXWLRQRI'60VDQGRUWKRSKRWRV

3.1.4. Visualization of Landscape by Three-dimensional GIS 
7KH ODQGVFDSHZDV YLVXDOL]HG E\ WKUHHGLPHQVLRQDO*,6 E\ WKH
IROORZLQJSURFHGXUHV
2YHUOD\LQJDKLJKGHILQLWLRQ'60DQGDQRUWKRSKRWRRQDP
'(0 DQG RUWKRSKRWRV E\ *6, 8VLQJ WKUHHGLPHQVLRQDO *,6
VRIWZDUHZH JHQHUDWHG D'60DQG DQ RUWKRSKRWR E\ 6I0 DQG
RYHUODLG WKHPRQDP'(0DQGRUWKRSKRWRVE\*6,)LJ
VKRZVDVKDGRZUHOLHIPDSZLWKD'60E\6I0ZLWKDVKRRWLQJ
PHWKRGDRYHUODLGRQWKHP'(0E\*6,)LJVKRZVDQ
DHULDO SKRWR PDS ZLWK DQ RUWKRSKRWR E\ 6I0 ZLWK D VKRRWLQJ
PHWKRGDRYHUODLGRQDQRUWKRSKRWRE\*6,7KHVHPDSVFDQ
H[SUHVVWKHVKDSHVRIWKH<RNRJXFKLVKLNL6HNNDNXDQGWKHWRPE
PRXQGFOHDUO\

 
/HIW)LJ6KDGRZUHOLHIPDSZLWKFP'60E\6I0DRYHUODLG
RQP'(0E\*6, 5LJKW)LJ $HULDOSKRWRPDSZLWKFP
RUWKRSKRWRE\6I0DRYHUODLGRQDQRUWKRSKRWRE\*6,

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0HWKRGRIYLVXDOL]LQJODQGVFDSHVIURPWRPEVRIWKH)LQDO.RIXQSHULRGZLWKDKLJKGHILQLWLRQWKUHHGLPHQVLRQDOPRGHOE\6I0DQG
WKUHHGLPHQVLRQDO*,6


*HQHUDWLQJODQGVFDSHVLPXODWLRQLPDJHVVHHQIURPWRPE8VLQJ
WKH DERYH RYHUODLG WKUHHGLPHQVLRQDO *,6 GDWD ODQGVFDSH
VLPXODWLRQ LPDJHV VHHQ IURP WKH .DQQRQ]XND 7RPE ZHUH
JHQHUDWHG)LJVKRZV WKH ODQGVFDSHVLPXODWLRQ LPDJHV IURP
.DQQRQ]XND 7RPE RQO\ LQ WKH FDVH RI D P '(0 DQG
RUWKRSKRWRVE\*6,DQGDKLJKGHILQLWLRQ'60DQGDQRUWKRSKRWR
E\ HDFK VKRRWLQJ PHWKRG RYHUODLG RQ WKHP. $ ODQGVFDSH
VLPXODWLRQ LPDJH EDVHG RQ RQO\ P'(0DQGRUWKRSKRWRV E\
*6, FDQ UHSUHVHQW D GLVWDQW YLHZ WR WKHPRXQWDLQV EXW LW FDQ¶W
UHSUHVHQW WKHVKDSHRI WKHVWRQHV WKDWFRQVWLWXWH WKH<RNRJXFKL
VKLNL 6HNNDNX DQG WKH WRPEPRXQG 7KH ODQGVFDSH VLPXODWLRQ
LPDJHVEDVHGRQDKLJKGHILQLWLRQ'60DQGDQRUWKRSKRWRE\6I0
RYHUODLGRQDP'(0DQGRUWKRSKRWRVE\*6,FDQUHSUHVHQWWKH
VKDSHRIWKHVWRQHVDQGWKHWRPEPRXQG7KH'60DQGRUWKRSKRWR
UHVROXWLRQ GLIIHU GHSHQGLQJ RQ WKH VKRRWLQJ KHLJKW DQG IRU
VKRRWLQJPHWKRGPZLWKWKHKLJKHVWUHVROXWLRQWKHVKDSHVRI
WKHVWRQHVDQGWKHWRPEPRXQGFDQEHH[SUHVVHGPRUHFOHDUO\
)LJXUHVKRZVWKHODQGVFDSHVLPXODWLRQSDQRUDPLFLPDJHV
IURP WKH .DQQRQ]XND 7RPE IRU WKH RQO\ P '(0 DQG
RUWKRSKRWRV E\ *6, DQG D KLJKGHILQLWLRQ '60 ZLWK FP
UHVROXWLRQ DQG DQ RUWKRSKRWR ZLWK FP UHVROXWLRQ E\ D
PDQXDO VKRRWLQJ PHWKRG P RYHUODLG RQ WKHP. 7KH ODWWHU
LPDJHUHSURGXFHVWKHUHODWLRQVKLSEHWZHHQWKHRSHQLQJGLUHFWLRQ
RIWKH<RNRJXFKLVKLNL6HNNDNXDQGWKHODQGVFDSHVHHQIURPWKH
WRPE7KHYLHZWRWKH.LL0RXQWDLQV0WV0LWVXLVKL,ZDZDNL
0LNXQLDQG0LWVXPLQHLVREVWUXFWHGE\WUHHVQRZEXWGXULQJWKH
)LQDO .RIXQ SHULRG WKH .DQQRQ]XND 7RPE KDG D GLVWDQW
SDQRUDPLF YLHZ RI WKH .RQJR DQG .LL 0RXQWDLQV RYHU DQ
LQWHUPHGLDWHYLHZRIWKHQHDUE\KLOOVDQGWKHPRXQWDLQV7KHD[LDO
GLUHFWLRQRI WKH.DQQRQ]XND7RPE IDFHV WKH.RQJR0RXQWDLQV
EHWZHHQ0WV.DWVXUDJLDQG.RQJR
+$&+,%86(<$0$1,6+,0,1(720%
3.2.1. Present State of Hachibuseyama-nishimine Tomb
+DFKLEXVH\DPDQLVKLPLQH7RPELVDVTXDUHPPRXQGZLWKD
<RNRJXFKLVKLNL6HNNDNXRQWKHKLOOVLGHRIWKHZHVWHUQVORSHRI
0W+DFKLEXVH,WZDVSUREDEO\EXLOWDURXQGWKHWKFHQWXU\,WR
)LJVKRZVDGHJUHHSKRWRRILW7KHD[LDOGLUHFWLRQ
RSHQLQJ GLUHFWLRQ RI WKH <RNRJXFKLVKLNL 6HNNDNX IDFHV WKH
2VDND3ODLQEXWWKHYLHZWRWKHQRUWKZHVWGLUHFWLRQLVREVWUXFWHG
E\WKHVXUURXQGLQJWUHHVDQGWKHYLHZWRWKHVRXWKZHVWGLUHFWLRQ
LVDOVRSDUWLDOO\REVWUXFWHGE\WKHVXUURXQGLQJWUHHV

)LJGHJUHHSKRWRRI+DFKLEXVH\DPDQLVKLPLQH7RPEIURPWKH
EDFNRI<RNRJXFKLVKLNL6HNNDNXWDNHQRQ1RYHPEHU
3.2.2. GNSS Survey and Photo Shooting with Small UAV  
)LJXUHVKRZVWKHSRVLWLRQVRIWKH*&3VDQGWKHFKHFNSRLQWV
:HFRQGXFWHGD*166VXUYH\RI WKHPIURP WRRQ
)HEUXDU\DQGIURPWRRQ)HEUXDU\
3KRWRV ZHUH WDNHQ ZLWK D VPDOO 8$9 E\ ERWK DXWR SLORW DQG
PDQXDOSLORWIURPWRRQWKHVHFRQGGD\7KHGHWDLOV
RIHDFKVKRRWLQJPHWKRGDUHVKRZQLQ7DEOH


)LJ3RVLWLRQVRI*&3VDQGFKHFNSRLQWV
3.2.3. Reconstruction of Three-dimensional Model by SfM
%DVHG RQ DHULDO SKRWRJUDSKV IURP D VPDOO 8$9 WKUHH
GLPHQVLRQDO PRGHOV '60V DQG RUWKRSKRWRV RI WKH
+DFKLEXVH\DPDQLVKLPLQH 7RPE ZHUH UHFRQVWUXFWHG E\ 6I0
)LJVDQGVKRZH[DPSOHVRIHDFK7DEOHOLVWVWKH'60
DQGRUWKRSKRWRUHVROXWLRQE\HDFKVKRRWLQJPHWKRG
r
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 
)LJ7H[WXUHGWKUHHGLPHQVLRQDOPHVKPRGHO
VKRRWLQJPHWKRGP


)LJ'60VKRRWLQJPHWKRGP 


)LJ2UWKRSKRWRVKRRWLQJPHWKRGP
7DEOH/LVWRIVKRRWLQJPHWKRGVDQGUHVROXWLRQRI'60VDQGRUWKRSKRWRV

3.2.4. Visualization of Landscape by Three-dimensional GIS 
)LJXUHVKRZVDVKDGRZUHOLHIPDSZLWKD'60E\6I0ZLWKD
VKRRWLQJPHWKRGPRYHUODLGRQDP'(0E\*6,)LJ
VKRZV DQ DHULDO SKRWRPDSZLWK DQ RUWKRSKRWR E\ 6I0ZLWK D
VKRRWLQJPHWKRGPRYHUODLGRQDQRUWKRSKRWRE\*6,7KHVH
PDSVFDQH[SUHVVWKHVKDSHVRIWKH<RNRJXFKLVKLNL6HNNDNXDQG
WKHWRPEPRXQGFOHDUO\

 
/HIW)LJ6KDGRZUHOLHIPDSZLWKFP'60E\6I0PRYHUODLG
RQP'(0E\*6,5LJKW)LJ$HULDOSKRWRPDSZLWKFP
RUWKRSKRWRE\6I0PRYHUODLGRQDQRUWKRSKRWRE\*6,

)LJXUH  VKRZV WKH ODQGVFDSH VLPXODWLRQ LPDJHV IURP WKH
+DFKLEXVH\DPDQLVKLPLQH 7RPERQO\LQWKHFDVHRIDP'(0
DQG RUWKRSKRWRV E\ *6, DQG D KLJKGHILQLWLRQ '60 DQG DQ
RUWKRSKRWR E\ HDFK VKRRWLQJ PHWKRG RYHUODLG RQ WKHP. 7KH
ODQGVFDSH VLPXODWLRQ LPDJH EDVHG RQ RQO\ WKH P '(0 DQG
RUWKRSKRWRVE\*6,FDQUHSUHVHQWDGLVWDQWYLHZWRWKHPRXQWDLQV
EXW LW FDQ¶W UHSUHVHQW WKH VKDSHRI WKH VWRQHV WKDW FRQVWLWXWH WKH
<RNRJXFKLVKLNL 6HNNDNX DQG WKH WRPEPRXQG 7KH ODQGVFDSH
VLPXODWLRQLPDJHEDVHGRQD'60DQGDQRUWKRSKRWRE\6I0ZLWK
DVKRRWLQJPHWKRGPFDQURXJKO\H[SUHVVWKHVWRQHVKDSHDQG
WKHWRPEPRXQGEHFDXVHRIORZUHVROXWLRQRIWKH'60DQGWKH
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WKUHHGLPHQVLRQDO*,6


RUWKRSKRWR7KHODQGVFDSHVLPXODWLRQLPDJHVEDVHGRQWKH'60V
DQGWKHRUWKRSKRWRVE\6I0ZLWKVKRRWLQJPHWKRGVDDP
PDQGPKDYHKLJKHUUHSURGXFLELOLW\ WKDQVKRRWLQJPHWKRG
P %XW WKH ULVLQJ SDUW RI WKH VWRQHV FDQ¶W EH UHSURGXFHG )RU
VKRRWLQJPHWKRGPZLWKWKHKLJKHVWUHVROXWLRQWKHVKDSHVRIWKH
VWRQHVFDQEHH[SUHVVHGPRUHFOHDUO\LQFOXGLQJWKHULVLQJSDUWDQG
WKHWRPEPRXQG
)LJXUHVKRZVWKHODQGVFDSHSDQRUDPLFVLPXODWLRQLPDJHV
IURPWKH+DFKLEXVH\DPDQLVKLPLQH 7RPEIRUWKHRQO\P'(0
DQGRUWKRSKRWRVE\*6,DQGDKLJKGHILQLWLRQ'60ZLWK
FPUHVROXWLRQDQGDQRUWKRSKRWRZLWKFPUHVROXWLRQE\6I0
ZLWKDPDQXDOVKRRWLQJPHWKRGPRYHUODLGRQWKHP. 7KHODWWHU
LPDJHFDQUHSURGXFHWKHUHODWLRQVKLSEHWZHHQWKHD[LDOGLUHFWLRQ
RIWKH<RNRJXFKLVKLNL6HNNDNXDQGWKHODQGVFDSHVHHQIURPWKH
WRPE 7KH YLHZ WR WKH .RQJR0RXQWDLQV 0WV .DWVXUDJL DQG
.RQJRDQG.LL0RXQWDLQV0WV0LWVXLVKL,ZDZDNL0LNXQLDQG
0LWVXPLQHLVSDUWO\REVWUXFWHGE\WKHVXUURXQGLQJWUHHVDQGWKH
YLHZWRWKHQRUWKZHVWGLUHFWLRQLVDOVRFXUUHQWO\REVWUXFWHGE\WKH
VXUURXQGLQJ WUHHV EXW GXULQJ WKH )LQDO .RIXQ SHULRG WKH
+DFKLEXVH\DPDQLVKLPLQH7RPEKDGDGLVWDQWSDQRUDPLFYLHZRI
WKH.RQJRDQG.LL0RXQWDLQVDQG0W5RNNRRYHUDQLQWHUPHGLDWH
YLHZRIWKHQHDUE\KLOOVDQGWKHPRXQWDLQVDQGWKH2VDND3ODLQ
7KHD[LDOGLUHFWLRQRI+DFKLEXVH\DPDQLVKLPLQH7RPEIDFHVWKH
2VDND3ODLQDQG%D\
2.$0(,6+,720%
3.3.1. Present State of Okameishi Tomb
2NDPHLVKL 7RPE LV D VTXDUH PRXQG ZLWK P VLGHV DQG D
<RNRJXFKLVKLNL6HNNDNXRQDULGJHSURMHFWLQJVRXWKHDVWIURPWKH
+DELNLQR KLOOV ,W ZDV SUREDEO\ EXLOW DURXQG WKH WK FHQWXU\
.DPED\DVKL  )LJV  DQG  VKRZ  RU  GHJUHH
SKRWRV RI WKH 2NDPHLVKL 7RPE 7KH YLHZV WR WKH D[LDO DQG
VRXWKHDVW GLUHFWLRQV DUH SDUWLDOO\ REVWUXFWHG E\ WKH VXUURXQGLQJ
WUHHV DQG WKH YLHZ WR WKH VRXWKZHVW LV DOVR REVWUXFWHG E\ WKH
VXUURXQGLQJWUHHV

)LJGHJUHHSKRWRRI2NDPHLVKL7RPELQIURQWRI<RNRJXFKL
VKLNL6HNNDNXWDNHQRQ)HEUXDU\

)LJGHJUHHSKRWRRI2NDPHLVKL7RPEIURPEHKLQG<RNRJXFKL
VKLNL6HNNDNXWDNHQRQ)HEUXDU\
3.3.2. GNSS Survey and Photo Shooting with Small UAV 
)LJXUHVKRZVWKHSRVLWLRQVRIWKH*&3VDQGWKHFKHFNSRLQWV
:HFRQGXFWHGD*166VXUYH\RI WKHPIURP WRRQ
)HEUXDU\DQGIURP WRRQ0DUFK
3KRWRV ZHUH WDNHQ ZLWK D VPDOO 8$9 E\ ERWK DXWR SLORW DQG
PDQXDOSLORWIURPWRRQWKHVHFRQGGD\7KHGHWDLOV
RIHDFKVKRRWLQJPHWKRGDUHVKRZQLQ7DEOH

)LJ3RVLWLRQVRI*&3VDQGFKHFNSRLQWV
3.3.3. Reconstruction of Three-dimensional Model by SfM 
%DVHG RQ DHULDO SKRWRJUDSKV IURP D VPDOO 8$9 WKUHH
GLPHQVLRQDO PRGHOV '60V DQG RUWKRSKRWRV RI WKH 2NDPHLVKL
7RPE ZHUH UHFRQVWUXFWHG E\ 6I0 )LJV   DQG  VKRZ
H[DPSOHVRIHDFK7DEOHOLVWVWKHUHVROXWLRQRIWKH'60VDQGWKH
RUWKRSKRWRVE\HDFKVKRRWLQJPHWKRG
r
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 
)LJ7H[WXUHGWKUHHGLPHQVLRQDOPHVKPRGHOOHIWDULJKWP


)LJ'60VKRRWLQJPHWKRGD


)LJ2UWKRSKRWRVKRRWLQJPHWKRGD
7DEOH/LVWRIVKRRWLQJPHWKRGVDQGUHVROXWLRQRI'60VDQGRUWKRSKRWRV

3.3.4. Visualization of Landscape by Three-dimensional GIS 
)LJXUHVKRZVDVKDGRZUHOLHIPDSZLWKD'60E\6I0ZLWKD
VKRRWLQJPHWKRGDRYHUODLGRQDP'(0E\*6,)LJ
VKRZV DQ DHULDO SKRWRPDSZLWK DQ RUWKRSKRWR E\ 6I0ZLWK D
VKRRWLQJPHWKRGDRYHUODLGRQDQRUWKRSKRWRE\*6,7KHVH
PDSVFDQH[SUHVVWKHVKDSHVRIWKH<RNRJXFKLVKLNL6HNNDNXDQG
WKHWRPEPRXQGFOHDUO\

 
/HIW)LJ6KDGRZUHOLHIPDSZLWKFP'60E\6I0DRYHUODLG
RQ P'(0E\*6, 5LJKW )LJ $HULDO SKRWRPDSZLWK FP
RUWKRSKRWRE\6I0DRYHUODLGRQDQRUWKRSKRWRE\*6,

)LJXUH  VKRZV WKH ODQGVFDSH VLPXODWLRQ LPDJHV IURP WKH
2NDPHLVKL 7RPERQO\LQWKHFDVHRIDP'(0DQGRUWKRSKRWRV
E\*6,DQGDKLJKGHILQLWLRQ'60DQGDQRUWKRSKRWRE\6I0ZLWK
HDFKVKRRWLQJPHWKRGRYHUODLGRQWKHP7KHODQGVFDSHVLPXODWLRQ
LPDJHEDVHGRQRQO\WKHP'(0DQGRUWKRSKRWRVE\*6,FDQ
UHSUHVHQWDGLVWDQWYLHZWRWKHPRXQWDLQVEXWLWFDQ¶WUHSUHVHQWWKH
VKDSHRIWKHVWRQHVWKDWFRQVWLWXWHWKH<RNRJXFKLVKLNL6HNNDNX
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

DQGWKHWRPEPRXQG7KH ODQGVFDSHVLPXODWLRQLPDJHVEDVHGRQ
'60VDQGRUWKRSKRWRVE\6I0ZLWKVKRRWLQJPHWKRGVDDQGP
FDQURXJKO\H[SUHVVWKHVKDSHVRIWKHVWRQHVDQGWKHWRPEPRXQG
EXWEHFDXVHRIWKHORZUHVROXWLRQRIWKH'60VDQGWKHRUWKRSKRWRV
WKHLU UHSURGXFLELOLW\ LV ORZ 7KH ODQGVFDSH VLPXODWLRQ LPDJHV
EDVHGRQ'60VDQGRUWKRSKRWRVE\6I0ZLWKVKRRWLQJPHWKRGV
D P P DQG P KDYH KLJKHU UHSURGXFLELOLW\ WKDQ ZLWK
VKRRWLQJPHWKRGVDDQGP%XW WKHVHRUWKRSKRWRVKDYH ORZ
UHSURGXFLELOLW\RIWKHWH[WXUHHVSHFLDOO\EHFDXVHWKHEUDQFKHVRI
WKH QHDUE\ WUHHV DUH SURMHFWHG IRU WKH VWRQH¶V ULVLQJ SDUW )RU
VKRRWLQJPHWKRGPZLWKWKHKLJKHVWUHVROXWLRQWKHVKDSHVRIWKH
VWRQH LQFOXGLQJ WKH ULVLQJ SDUW DQG WKH WRPE PRXQG FDQ EH
H[SUHVVHGPRUHFOHDUO\DQGSURSHUO\
)LJXUHVKRZVWKHODQGVFDSHSDQRUDPLFVLPXODWLRQLPDJHV
IURPWKH2NDPHLVKL7RPEIRURQO\WKHP'(0DQGRUWKRSKRWRV
E\*6,DQGDKLJKGHILQLWLRQ'60ZLWKFPUHVROXWLRQDQG
DQRUWKRSKRWRZLWKFP UHVROXWLRQE\6I0ZLWK DPDQXDO
VKRRWLQJ PHWKRG P RYHUODLG RQ WKHP 7KH ODWWHU LPDJH
UHSURGXFHV WKH UHODWLRQVKLS EHWZHHQ WKH D[LDO GLUHFWLRQ RI WKH
<RNRJXFKLVKLNL6HNNDNXDQGWKHODQGVFDSHVHHQIURPWKHWRPE
7KHYLHZWRWKH.RQJR0RXQWDLQV0WV1LMR,ZDKDVKL.DWVXUDJL
DQG.RQJRLVSDUWLDOO\REVWUXFWHGE\WKHVXUURXQGLQJWUHHVDVLV
WKHYLHZWRWKH.LL0RXQWDLQV0WV0LWVXLVKL,ZDZDNL0LNXQL
DQG0LWXPLQHEXWGXULQJWKH)LQDO.RIXQSHULRGWKH2NDPHLVKL
7RPE KDG D GLVWDQW SDQRUDPLF YLHZ RI WKH .RQJR DQG .LL
0RXQWDLQVRYHUDQLQWHUPHGLDWHYLHZRIWKHQHDUE\KLOOVDQGWKH
PRXQWDLQV7KHD[LDOGLUHFWLRQRIWKH2NDPHLVKL7RPEIDFHVWKH
.RQJR0RXQWDLQVRQWKHHDVWVLGHRI0W.RQJR
'LVFXVVLRQ
:H JHQHUDWHG KLJKGHILQLWLRQ JHRUHIHUHQFHG '60V DQG
RUWKRSKRWRV E\ WKUHHGLPHQVLRQDO PRGHOV E\ 6I0 ZLWK DHULDO
SKRWRJUDSKVIURPDVPDOO8$9DQGFPDFFXUDF\*166VXUYH\V
DQG UHSURGXFHG WKH VKDSHV RI VWRQHV WKDW FRQVWLWXWH WKH
<RNRJXFKLVKLNL6HNNDNXDQG WKH WRPEPRXQGV%\RYHUOD\LQJ
KLJKGHILQLWLRQ'60VZLWKDPD[LPXPRIDERXWFPUHVROXWLRQ
DQGRUWKRSKRWRVZLWKDPD[LPXPRIDERXWFPUHVROXWLRQE\
6I0DQGD*166VXUYH\RQ WKHP'(0DQGRUWKRSKRWRVE\
*6, ZH JHQHUDWHG ODQGVFDSH VLPXODWLRQ LPDJHV WKDW VKRZ WKH
UHODWLRQVKLS EHWZHHQ WKH VKDSHV RI WKH VWRQHV DQG WKH WRPE
PRXQGV WKH D[LDO GLUHFWLRQV DQG WKH SDQRUDPLF YLHZ IURP WKH
WRPEV)RUJHQHUDWLQJODQGVFDSHVLPXODWLRQLPDJHVWKDWUHSURGXFH
WKH VKDSHV RI WKH VWRQHV DQG WKH WRPE PRXQGV WKH VKRRWLQJ
GLVWDQFHVKRXOGEHVKRUWHUWKDQDWOHDVWIURPPWRJHQHUDWHD
'60ZLWKUHVROXWLRQRIDERXWFPRUKLJKHUDQGDQRUWKRSKRWR
ZLWKUHVROXWLRQRIDERXWFPRUKLJKHUUHVROXWLRQ,WLVGLIILFXOW
WRORZHUWKHVKRRWLQJKHLJKWZKHQVXFKVXUURXQGLQJREVWDFOHVDV
WUHHV H[LVW LQ WKHDXWRSLORWZKLFK LV VXLWDEOH IRU UHSURGXFLQJD
ZLGH UDQJH DUHD DURXQG WKH WRPEV 7KHUHIRUH WR UHSURGXFH WKH
WKUHHGLPHQVLRQDO VKDSHV RI WKH VWRQHV DQG WKH WRPE PRXQGV
VKRRWLQJ ZLWK D PDQXDO SLORW LV PRUH HIIHFWLYH DQG JHQHUDWHV
KLJKHUUHVROXWLRQ'60VDQGRUWKRSKRWRV
7KHIROORZLQJLVVXHVPXVWEHH[DPLQHGLQWKHIXWXUH6LQFH
WKHVN\DERYHDOORIWKHWKUHHWRPEVLVRSHQLWZDVSRVVLEOHWRWDNH
DHULDOSKRWRJUDSKVIURPDVPDOO8$92QWKHRWKHUKDQGVLQFH
WKH VN\ DERYH WKH WRPE LQ WKH IRUHVW LVQ¶W RSHQ QR DHULDO
SKRWRJUDSKVRI WKH WRPEPRXQGFDQ¶WEH WDNHQ1RHIIHFWLYH
PHWKRG KDV EHHQ IRXQG IRU RYHUOD\LQJ WKH WKUHHGLPHQVLRQDO
PRGHO LWVHOI RQ WKH WHUUDLQPRGHO &XUUHQWO\ LW LV YHU\ HDV\ WR
RYHUOD\ D '60 DQG DQ RUWKRSKRWR JHQHUDWHG IURP D WKUHH
GLPHQVLRQDOPRGHOE\6I0RQWKHP'(0DQGRUWKRSKRWRVE\
*6, XVLQJ WKUHHGLPHQVLRQDO *,6 WR JHQHUDWH D ODQGVFDSH
VLPXODWLRQLPDJHIURPWKHWRPEV
&RQFOXVLRQVDQGIXWXUHSODQV
:HYLVXDOL]HG ODQGVFDSHV IURP WKUHH WRPEV RI WKH)LQDO.RIXQ
SHULRG LQ WKH .DZDFKL DUHD .DQQRQ]XND +DFKLEXVH\PD
QLVKLPLQH DQG2NDPHLVKL7RPEVZLWKD KLJKGHILQLWLRQ WKUHH
GLPHQVLRQDOPRGHO E\ VWUXFWXUH IURPPRWLRQ 6I0PXOWLYLHZ
VWHUHRSKRWRJUDPPHWU\DQGWKUHHGLPHQVLRQDO*,6IRUDQDO\]LQJ
WKHUHODWLRQVKLSRIWKHVKDSHVRIWKHVWRQHVDQGWKHWRPEPRXQGV
WKHD[LDOGLUHFWLRQVRIWKHWRPEVDQGWKHLUYLHZV:HDOVRFODULILHG
WKHIROORZLQJWKUHHSRLQWV
%\6I0ZLWKDHULDOSKRWRJUDSKVIURPDVPDOO8$9DQGDFP
DFFXUDF\ *166 VXUYH\ ZH JHQHUDWHG JHRUHIHUHQFHG '60V
ZLWKDERXWFPUHVROXWLRQDQGRUWKRSKRWRVZLWKDERXWFP
UHVROXWLRQDWPRVWZKLFKFDQH[SUHVVWKHPLFURWRSRJUDSK\RI
WKHWKUHHWRPEV
:LWKRYHUOD\LQJ'60VDQGRUWKRSKRWRVE\6I0RQDP'(0
DQGRUWKRSKRWRVE\*6,XVLQJWKUHHGLPHQVLRQDO*,6ZHFDQ
TXLFNO\YLVXDOL]HODQGVFDSHVIURPWKHWKUHHWRPEVDWWKH)LQDO
.RIXQ SHULRG DW ORZ FRVW DOWKRXJK WKHLU YLHZV DUH QRZ
REVWUXFWHGE\VXFKVXUURXQGLQJREVWDFOHVDVWUHHV
6KRRWLQJZLWKDPDQXDOSLORW LVPRUHHIIHFWLYHDQGJHQHUDWHV
KLJKHUUHVROXWLRQRI'60VDQGRUWKRSKRWRVWKDQVKRRWLQJZLWK
DQDXWRSLORW IRU UHSURGXFLQJ WKH WKUHHGLPHQVLRQDO VKDSHVRI
WKHVWRQHVDQGWKHWRPEPRXQGV/RZHULQJWKHVKRRWLQJKHLJKW
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